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ABSTRACT 

Presented is a discuss^ion of the role of explanation 
and prediction in determining science curriculum content. It is the 
author'r, contc^ntion that many of th© concepts currently presented in 
high school and college science courses are based on assumptions long 
rejected as false by scientists because curriculum designers have 
failed to examine carefully the difference between explanation and 
prediction as bases for accei'table scientific theories. It is 
suggested that curriculum be developed which is based on a study by 
analogy of th<^ more familiar and easily understood examples of 
explanation and prediction in science, thereby allowing students to 
look on explanations as useful but tentative models for examining the 
universe. (Author/PEB) 
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Mviuy of \\w coueoptsi cuvrvutl> prvisonU^l in Ui^M aiut collcijo 

BcJitaco cv»ur.s%\'. ha>u\i ;mi iu.:r.u;v.;?t ions which havo loii^j howni r4.^Jei?toJ %ui frtlac 
by {icloni ir.Uii Thi; p.u <hU»x oxijUt;! in j>-u't , boccuiMc curriculum vlv};li;tU!rj5 Uf\\*c 
ftUUul to c^l^^no iMrvfiiHy the OJff^ ivn^o botwoon cNpUiUiUiAm ;nul inoilU-llou 
an bnr.o;; /or %u\'ci*l/.M v- liuitif i^.* l.!u'ui l.^'5;. TKS^i fciiUiru iii ruotoJ iu a wi^a- 
iutvriHi t aiiiui of ii\ kuovn a:; Ct»rro^i>oiuloaw:u rriuciploi tho principle 

wluch h.Odji that ciuy ncv; lhciM*y in rciouco nuiU voJucc to tho old wcll-Ci.il nb- 
IJ^.hcvl thi'ory to vhich it currwUipc^nli; when lUc ncv tiic^ory is; opplicul to the 
ci rc unuU I uu'rr. for which tho luss jtonornl t.hoory iv known to holdt Wiilo this 
1« coxnalnly truo with ri»^;pw'Ct to procUctiou^; , *nny nvw theory ruh-.t bo wit 

Iccint iiii gooi* cU^i tho old thi:or> in acv?ountinii for observed phctioinonai it i.^^ 
oftvn not thii c:\^K,) with rcspoct to cxplanationii* 

New ihcorioM in s;c-ionco often present entirely difCc-ront ways of 
vicwinij and OMj»Tauiinij nature> even thoui.;h undor corrcs^pondinf, circuinNtiincorf 
their predictions* are ei'^sentinlly the same as thoce of the theories they re- 
places 

The faMure to tahe account of t:\\Ci^c. differences raise seriou::. prob- 
lemr. in future science curriculum dcsj^n. While it may seem appropriate to 
cmphiusi :'.o. the tecuhinf. of nov theories in place of older oneS| it must bo 
reco^'/ii^'.od that uiaiy of the new theories of today will be the old theories of 
toniorro\\ Doe:*; it wnhe sonr.e to cou.stnntly revise our curriculum simply to 
keep up with cunen'. theorier. which have not yet been disproved? The situation 
is ruide r.:oro cor.ple>. by the fact that n:any of our ncw> broader theories are more 
difficult to und^M'stand and to teach than are the theories they replace. On the 
other hand hc>v; lon[; cnx v;o continue to teacli theorier. which work in a predictive 
scn5;e but are baned or fa^sc explanations? 

One possible solution is Lu reject explanation altogether an a bnf:ls 
for sciontiflc thoorie'. and to rely solely on thf» critcri.^ of accurate prodic- 
tioiu Soi.-.''^ p';i K^r.o^'V.cr^ of 5-cionv"c nr[;uo for thh; position, but no:;t arc 
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Kichiiiwl M. lUila 

iNTiiouucnu;: 

Much of iho coutoat of our iHi jicat 1. i^iH ydiuol cuul coMt^ic r,citM»co 
pro^'.ra:;-^ i^-. bcir.cvl on wiutJr.tcil r.clvnl i t" i c theuric« which v-'orv.: pojuilnv at. thd 
ctul of ihvj J'.'t'u co:iiu;y, Our scioiu-o cuniculum hciss faiK\l to cunnltlcr tn.-my 
of tho fu-n!u;.;vautll.v uuv thi'cu.K-i: w-rich hiivo c;;;ori;ovl Juriiu; Iho \k\hI 75 yuars, 
ThC'Mo lu'-.- th.'sU-ics iUc'ViM^- not only ::u)i\i nwcuralo prwOiot Ions hut aUio com- 
ploto3y t\.'.o irxplannticn-i -..'liiw-h havo aolually roplaccj oxi)]unat k.u.s of tlio 
pa.st. 'ih«.' iu'luation in which wo continuo tc loach concoptH ba.scJ upon aiifiumpllony 
which havo ]ouf. ai>> boos, rojoctocl as false by scientists is duo to tho failure 
of cuiricul.u:;\ cloyi ^-.tiori; to couiildor carofully tho, distinction betwoon explanation 
flnd prediction in science. 

This paper will cxa;;iino soiiiw of those ltnpo:lant diatinet ions, discuss 

tho ititplieationii thoy have for science curriculum deslai^, and conclude with a 

look at poyr.ihle new approache?; required in teaching, the nature of science, 

KXi'I.ANATIo:; v« I'lU.DITlON' 
Tho ability to predict future observations and experimental results 

Is considered by iiuay scientif?ts to be the essential characteristic of a 

scientific theory. Yet the hir.tory of science is replete with examples of 

predictioiU'- v;hicii arc bafied upon very poorly constructed theories. Conversely, 

there are numerous exnmpJcs of elaborate theories or explanations which have 

ylcldod no predictioui; wiiatiioevcr . 

The Babylor.ian.s (600-AOO B.C.) were expert at maki"j. accurate 
predictiorii! without the use of an explanatory base or theory. While they were 
wasterij at cal culat inj.-, the tir.;os and dates of astronomical events, such as lunar 
eclipses, no;.; r.oons , and positions of the major planets, thoir writings reveal 
no theories or even thcu^hts about tie heavens. [1] 

On the other hand, the lonians, who lived and practiced astronomy 
at about the sa;:'o time, developed elaborate theories and interpretations from 
which it war. i pp nr.?--. iM o to ma!:P i)rt di r t f on-:; . Thoir theories unod hon:.-ly analogies 
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to vxjOniu th',' hcnvvns* Tho uulvcHiC vcis coi;:parod to ^ tubci full of fire with 
holcui in It ihrou-h vhirh slarj wore vi^dblc, Thove is5 Ultlo evidence* that 
Ihoy f4tli:;.i)l Cil tu in\\!Ica: such thiui^^J aj^ oclip-.u-j? or the pc.*itionii of plnnots; 
flnd it U\ doubtful, conriidcTini; thoir theoriw»S| whether Siuch predictlouji would 
hitvo been «ucc^.;.;if viT. 

While the Dal^yl ni^s were j;uocOiisful in ccrtnii\ predi ct ion.s i their 
failure lu dowlo^) cxpl anal ioiu: ph:ced then in the pre-sscl enoe era, Toulmai\ 
flrr.ui'S thai all jH'ioace h;ivc at least a miuinu;u theoretical ba^JOi even 

if thiii ba.iw' Is i:!v:»v;n to re£it on faUio af.sui'.iption:':^ and is subsequently rejected, t 
Kuhn ha.si pointed out that even unsuccessful theories can s;crve the very u&;eful 
purpoTie of focu^i^lng the attention of a scientific coipiuunity on a particular 
problcn:. [3] 

Of cour.^e the most desirable situation would be a combination of 
explanation aud prediction, or. theories which yield reasonably good predictions. 
This is er>;:c!ntially the pattern that has developed in most mature sciences over 
the past few centuries. However, we must realize that many theories vrhich are 
good predictor? tod^.y n^ny, upon further exr mi nation, turn out to be bar.ed on false 
assumptions and will, in turn, be replaced by entirely new explanations. 

Good theories yield predictions which arc in turn tested by ciq^erimen- 
tation. Continued cxperir.Kintation may reveal that the original theory or model ■ 
is unable to account for nov; observations. Over a period of time this will lead 
to a modification of the original theory or in romc situations to its complete 
demise and replaccr.ent by c:n entirely different theory, 

A familiar cxnr.ple of this was the change from the \'tolemaic or Earth- 
centered node! to the Copcrnican or Sun-centored model of the solar system. The 
Ptoler/.aic r.iodel a re;ir.onably good predictor of the positions of the sun, moon 
and planets a:.:l even today it can be used with so::;c success in earth-based navi- 
gation. Howl^vcTj the failure of these predictions to conform to the much more 
accurate observations of the ICth century led to th? eventual rejection of the 
Ptolemaic model and its replacement by the Copcrnican model. It was this failure 
to prociict at a v»»ry high di-'grt-i"^ of ar.ruracy that provided the impetus for the 
develop:. . e:i ( of :in altOT'nr'tc^ conoopt. Yet v/hilo bi'»t.h l:•odol^=i are able to predict 
the po;*. 5 1 f o!)-; of tlao sun^ noon rmd pla;u:L.s (iiltb-ju^h. at different Icvclsi of 



Accuiiicy) it io iiuitortnnl to nolu th; i l\w uwwUvl}'. Uietusu!! Viui ifi»ri?acuL 

the p.1im^:'t^i. Kaoh ivjMor.cMit an culi.ioly Uirfci.' way of vicwluij tlu- «>-.tructuri« 
of thi' «o1ni.- sy.stcMii cvon tluM^'/a llicir pi.'ov!k;l.J.tnis \iw.v^,c wJlhln a'partivuJnr Xiuv^o. 
of obi;c'ival.iou:s. 

Mow which ;. oJoI sluntlJ wc> loach our r.tiulouta? In this; £;^t•l^'^l ion tUo. 
ausivvv .*:cou!5i cU'ci'- oiu-)uJi. Whilu wo uay actually toacli about bolli of t'«-iu, r.incc 
the two t::ot!('ls arc r.uLunUy c.xo.lu.-: J vo , ou-j at loasit \\\u:^l bo rojoctod &ft incorrocl. 
WhiU- v.-o caaiiot knov.- for certain If a tlioory is; true in scioncc wo cr.ii now when 
It is fnh-.o, ai-.d in this caf.o wc. do not toach tho Ttu] of.iaic wodol as a true, model 
of the r.ular syiUcM. 

Yet in othor areas of science wo continue to teach concepts based Ujiou 
models and t!iej' ie;-i v;hich have long ago been rejected by scicutiFts. arc ii 
the i.ee:nin£:!y unli-nr.bl e position of teaching Incorrect concepts to stuJt-nts who 
will probably never take another formal course in science. 

Our science curriculum is, for the most part, devoid of th«: re; concepts 
and theories of the I'Oth ceiUury which have tiepj^ccd the classical tt.cories of 
the previous century and have so revolutionized our view of the univoT •. 

The Main reason for continuing to teach theories based on fais-.e 
assuiuptions is our lack of understandins about t:he differences betwe<^n explanation 
and prediction. This lack of understanding result:; from a tnisintcrprct.-'t ion of 
what is knov:n as the Correspondence Principle. 

This principle, first applied in a limited way by Niels Bohr to the 
theory of acomic structure, has since been used in a much broader sense to cover 
other theoric in physics, rher.istr\ and biology. 

The principle as stcUod by Bohr in 19 "3 is: 

"that ... in the lii.iit of high quantum nur/ibers the 
pred i ct i oi-.r. of quo.iKum theory agree with there of 
classical phy-ics." [^»] 



I'muuiUwl lu thU; liiuUvtd Wuy Liu ttKuinlu^ iu £4ill*ly clear* Ttui cmiHii)s»i^'s in 
ou the wwud iU>jjiHvt^^^^^^^^ lU>hr Jfi jiviyin;i lint Uw the tnacro^5copl.c worKl (hli^h 
quantum nuuibc I ii) ilio i^r^'i^lioi Jonij of quantuiu uochanJciri mur cla.soJcal physlc^i 
ai'Vi^o, The pivwticl iwui.; uf ciuy new thooiy rauit Uwi at IcMiit cui gooj ci^i tUoiu? 
of the oldoi vcll-cut.ibLh:hod theory it roplncoii. 

If I on the other hand, w adopt the bruaiier ntalcmc^nt of the 
Correspoiulei^ei' rriuc iplo taken from a popular ele:;ontary science te;<t> soriour* 
liii sinter;! rot a t i.cMUi cm rer-ult, 

"We knov; In advance that any iiev; theory in phy£d.cs 
(licienccO — whatever its character or details " 
munt reduce to the well-cntablishod classical theory 
to which it correspondr* when the new theory is applied 
to the circu;ir.tanccr* for which the lc$;s general theory 
is known to hold," [5] 

Stated in this way we arc led to believe that nc ' broader theories or ex*' 

planatioufj actually reduce to, or become, older theories v;hen applied to 

circumstances for which the older less general theories are known to hold 

a situation which rarely is true in science* It would mean thvit the Copcrnican 

model of the solar system reduced to or becarac the Ptolemaic model v;hen applied 

to the circuKis tances of less accurate observations. This is of course absurd. 

While their predictions correspond closely under certain circumstances, the 

models or theories thcr.ist Ives are quite dif;siii:il:ir v:ays of viewing the universe. 

New theories in science often present entirely different ways of viev^rin^ and 

explaining nature, even though under corresponding ci rcuirstanccs their p^'cdic- 

tions are essentially the c>a::ie as those of the theories they icplace. 

• 

Science teachers do not seem to have difficulty in distinguishing 
betv/een prediction cind explanation in simple models of the solar system, but 
as s.oon as they move to somewhat more sophis ticate^.l concepts in the science 
curriculum, tho.^o distinctions are glossed over. 

When thp engineer assur:Os that the acceleration due to gravity is the 
same at the top and at the bottom of a tall building he is making an assumption 
that is coL.jOett'ly ren.soucible in a predictive sense. The difference botv;cen 
a ronf:t.':nt ac.celcrnL if.>n and one calculated fr<\\ the Inverse squ-i.ro Iciw is a 
difference of one part in 10* I YeL the two assumptions, one of a constant 
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accitlc'vatjon a:ul tho ulhci* of %nn nccvlcr ai ion that cUtciiMiUui inwrr.el^ a« 
the tu>iuiri» of thv Ui>:il*inco moanuroil frou; the centra; of iho cavthi are fvuuUi- 
wcutally dlffciviut vMyfci of ibiuii nature^ lu i^i .^ousu Ni^wtou^s 

luvouH* Sciunvi' I. aw door, nol^ reJuco io a cas:;u of conr.taiU aoceXorai lun for small 
chan«*A{; in clit»t aac<;^» 

A mora roU-vaut cxa:r.;Oc would bo a coi.ipar i.jiion of the Newtonian and 
lUufiloini ;.a ilu^^rics of d>Mi."::a\**r. • The prod i cll.our> of Newtonian dynr.uiics havo 
been quite coo.l wlic-n dw^rliu^; with natural sj>eeds cnio would obt^crvc at or near 
tho r.urfacw' of the cnrtiu liut for objects ai:ainina speeds more than ion per- 
cent of the speed of li^M^ (no/e than 20,000 i;;i/scc) the predictions of Tcwtonian 
dyna:..ics becoi:.wi increa:i:in£;ly inaccurate, Vho predlclionr> of Kinsteinlan dynanicsi 
on the other ha:.d, conforn closely to observations of objects goinfi up to and in- 
cladins 99. 9Z of the speed of light. Of course Einstein.an theory also predicts 
with great accuracy observations below lOfl of tlie speed of lii:.ht, that is, in 
clrcur,.st ances wb.ere Newtonian dynauics was quite successful. Therefore, Kinsteiu* 
theory is a r.uch broader, r.^ore encoii^.passlng theory, Einstein's theory will pre- 
dict all that Newton's will and much wore. Yet the two theories ther»iselves arc 
quite different. To sec hov: this is possible, consider as a specific illustration 
the assumptions that each r.iahe about the pass of an object, 

Newtonian dynan^.ics assur.es that the mass of an object is independent 
of its speed. This can be expressed in a simple way by the equation, 

in ni 
V o 

where l: is the r.:ass of an object inovins at speed v, and m is the mass of 
this sa:i:e object at rest. 

Einsteinian dyniniics, on the other hand, assumes that the mass of an 
object is a function of its specr'^ increasing; as the speed of the object increases 
This is expressed by the equation, 

in 

% ^ . 

where v is tho speed of the o!>]ect ai\d c is the speed of lif;hl. By substituting 
into this equation one cin sec that for spce.ds r.uch in exce.'is of 0.1c the mjss 



of thv! object l>ccoi:;v.*i tJi^'.ntfi caul iy j;roator them its vviM iiui«s. Vov r^yvxMUi 
li»st; tlum 0.1c the t.i.:is&i of the ohjoct is very clc^tso to itt; roiit miMS, Tlio 
cUf ft'fcui:c in i;u tt:;.aU that it can be iUaiMtiKl only by thi^ moat sophlr.t icntcd 

liut thir. <loos nut ;.;o.;u tha.l Kinstciu^s Ihc'ory of dynar.icii reduces 
to KL''.nw»uS; thvoty iu ihv rvaln of Un; velocities.. Wc. aro not talking hero 
nbout a iniaor Jf f f ctviici' in tiie sixth or su veiilli dociiiial p3r*co, but lathor 
about ontiroly Jiffcrci'.t throricr. . Con*Ua;u and r.iar.s v.'hlcli is dependent 

upcui velocity are co:*;j>1 etely Jiiferout concejUj^. Newtonian and I'infs teinxan 
mode,h; ripre;'.oi;t er.tiroly different wayi: of dcricribing nature» even .in the area 
when- their predict ii»ni3 overlap. We cannot acccpi both of these. theorios5 for 
the F»a!\e reason th U wo cannot accept both the Ttolenaic and the Copcinican 
Diodelc. Or as Kuhn has said, "in order to accept Einstein we must reject 
Newtcn.**[Cj V;hile we cannot prove Einstein ri£l;!\ we can and have proven 
Newton wron^;, Ke cannot teach Einateinian theory only for objects attaining; 
speedy greater than 20,000 r.;i/sec. Yet our curriculum n3aces major en.phar.is 
on Kev;tonian i:;ochanlcs while barely mentioning the work of Einstein. 

A similar situation exists bctveen quantum mechanics and cla£;sical 
physics although there are special features of the quantum mechanical model 
that require spocia] attention. 

The Uncertainty Principle places a limit on the predictability of 
the position and velocity of snail particles. Thus it may appear that the 
quantUM r.iec]in:u*cal theory is a less accurate predictor than the classical 
theory it replacer, • Upon closer cxa::iinalion this is shown not to be the case. 
It is importr.^t to distinguish between exact predictions and.nccurate pre- 
dict] on.--i • The predict io-is of quantum mechanics are more accurate than those 
of classical phyr.ics althou^li what they predict is less exact. Classical theory 
predicts thai one can describe v.'ith certainty the position and velocity of a 
part'^^lc. This prediction is inaccurate or wrong. Quantum theory on the other 
hand predicts that der>crlpt ior.j about the i)Osition and velocity of a particle v^ill 
be uncertain o: inexact to somo extent. In thio cense quantum mechanics is a 
r.ore accurate predictor than the claj;r;ical theory it replaces.* 

A[;ain, in *.;:iyj i\i:,.ilar tc> tho situation of !Jev;Lcui rnd IliTUJtein, our 
phyr.ici:- cur ri cn1 r.:.. placi*:. niajor Ci.;p!;a^>is on the s i r.pl i t icd Dolir ri'odel of the 
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there havo been iiii'ii I fi caut acU\uu!c?s which havo lurced r.ciiulJ{Uw tu rujtat 
pruviout; thcorli\S| yet wo contlnuo to iviXcU tho rcjoctod lhw*uriw.s with lUtIo 
or no mention of thosu» thcoric^^i which jiupoi'«vidc thc»i;u 

At tlio very ^ curri Ut thcorioM ;u\» treated cis ratppi cru-ntary topics 
which ono "i'ols arour.vl to*^ if thoro is tiir.o c^t the end of the ciKirjus Cerininly 
thoy %nrc not rr-,!i\!'. r' as contial ccucopLua.l j^chc^^^os on wliich to buJlU moclorn 
scionco curricul u: u 

IMIMJCATJON'S I'OIi SCITATK CURRICULUM OKSTCN 
\\o\: thca do wc so]vo thi^^ problcM in fuluvo :;cicnco curriculum UorM'.i',n? 

Must we dl."^jearJ i/.:>.st of our e]e;;ientary scJeuce tCNlboohs and replace them with 

ones that only troalnonls of conter.;porary theories in phyylct^, chemistry > 

and biology? This would be a i:ia:^i;ivc un»IcrtaUins inw^lvina much timO| efforti 

and cxpenf.e. There are several ar^jumonts ai*;a1nr.t takius such a radical step* 

One is that many of thc?e older concepts; continue to work in a 
predictive scarce v;hen applied to a wide ran^e of phenomena • .One could arj;;uo 
at lenf,ili with an en£;lncer abc»ut the incorrectness, of the a558umptiouc under-- 
lyinp Xcvtenian mochanic?»| yet the fact remninr* that thir. relatively simple 
model allov;f. the cnj^iueer to contilruct very real build./.^j^* brid£;e.s» airplanes 
and autor.obilcs; . He rarely noedi:^ to consider the more sophisticated and difficult 
concept^; of relativity. For him the test of the value of a model is whether or 
not it can be used to produce a workable solution to a practical problcmt 

The scientists » and by implication the science student » is interested 
In much more. He is interested in eKplanation as well as prediction. It is' 
this striving, for explanation or understanding that gives meaning to his work. 
It is the qualitative difference between the lonians and the Kabyloniatis . 

Certainly vq mu.=;t teach the engineer about Newton's Lrw*s c»nd the 
navigator about the PtoUivuiic r.;odel , but in so doing must cmpharn* j^.c? that 
we are talking about something that is acceptable only in the predictive* sense. 
Wc natst ali\o prer^ent a much broader picture which examines the various criteria 
determining the validity of a theory or a model and maker* clear the important 
role of ey.pl aunt Ion. Vo cannot continue to teach incorrectly bashed concepts 
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ii\ inx lut iwutuctca y s^J^muiw Ck»uii:^» La a lawk oi lU\\c% "tlwvv U\ not vjuou^^h tiiuc!| 
It in %nri\uow!| to toa^'h loth lliuracir.i^^u QlyunMl.cs ;mJ Jlowiouiati dyiKuuIc^;; or tho 
^ohr rnJcJ of the* Aloiw anJ tho i]uantu::t rochaulcal iikhIoI. Thl« problova of lim 
Ifi a ru?a!l ono* M\d Mu fact . rc :\' i ;u*i t!u;l ouo i>v tv;o S'.MacjUvri'i Iss probabl) all 
i\w tii.o \.o v.'ill ovor havi- v;ith a ijrouj» of iUutloulci. Our iiu luvluot ory £u:icnco 
courso iii Jiiu*1>- t.o be ih-.* hu.t i'.cioa^-c» cuu;\..»* t!u\;.o ^Uiulval.s will ever takoi 
nn<l it a;^i*;-'art'. lvo\'\ thir ari;ur.iw^;U. that, wc have t»uoi:i;h tir.io to teach incorrect 
cxpl n:iut fo:».'. , but \h^l er.c>uj.h tii:o to teach r.ore acv:optaMe exjvl aaat Sous. 

A third ariiu:..vMa. a:;ah;:;t riuihins to teach only contet:porary theories 
is more ir;K>rta:U f k'o::; a povlajjo^-;] cmI point of viwiw. It prcnentii scientists and 
cclcnco c:<.lucator:.; t;ith a true dile;;;;iuu The ari;u:ucut U\ that uany of the con-' 
t€uuporar> theories in science are so difficult that luo^U students and wnny 
tcncherr. could n^. t ur.vlerKtaiul thev.i. This; ii\ ;;^onetii;;or. . true even for scientir.ts* 
An i:oIfi:an- Tauli ob:icrvCsl In the early 1920*ii: 

"At the niouc.nt physics; ifi again terribly confuiUHU In any 
case I it is too difficult for mo, and 1 wls'.h 1 had been 
a D^ovie. coiuedJan or soip.ethln^ of the sort and had never 
heard of phy^^ic?;/* [7] 

To prcjienl, In an hone^.t way, the concepts of relativity and quantum mechanics 
lequirer. a depth of underiUsindinr. f^^*^ phys'.icr* najori?* received In four years of 
university worl;. The preblen of preyentinn thi^ information in one year to 
teri:una^ S'.cicuce s'>tudenl{^ is obvious cnoui^h. 

Pcrhnp thif; ir. tlio real reason v;e have found time \o tench both 
the Ptole-:inic a\ul Coporni Cti!i model but not the tine to toaoh the theories of 
both Ncwicai and Ki iiiUeln. The forinor are eas^ily understood and within the realm 
of cverycl'.y expori onces • This ir. not th-j case with the lailer (quant un uechanics 
and relativity). Does this situation moan tliat we have actually reached a point 
in the dove! opi-i^i^r of srienre whore curr^Tit tht^orfo'^. and pr.^adi2n«^. are incoppre- 
hensiblc to the va.^t riajority of our population? If thin is go, thon Jvcicnce 
will contituie to ]o:;o touch with tiio Very people who benofit from it and who are 
ask«"d tc> si:; p M*l i t • 

In addilio.i lo tht'* ab^v^.' ra i^;u;'ont r» ^ thoro is a i.'ore f und/tr'ont-.-il rea*non 
why we rhould not diijcard all old thcorii*?; and leach only the latefst advances. 



ThlH rc;i'.ion is i\^otcJ in i\w wvy wtxiww ol atclcuco ltiu»lf, V*u know iixm 
a r.liu'y ^^f h3\^:^itry t!jnt| :\l Icn^U In 4hc oKplanalory sciu*50| tlui new thooric;; 
of tcuiiiy lu^cl lil.tly be tlu* oU! Ihooric?; w^f loiiuuruw, Khilo wo c;m Ik* 

r<uuuMu'iMy tuiro that iM\i:c:\t tKvoriv.s v;ill coutiiuu* to jux»Jjca with a cortalu 
dor^vc c»f accuv.:u*y, wo c;u\noi bo i^viro that thoir cxi>lanationa wJl] remain 
validi •^h^.•;\ si..' coiusl^ors iho iu;v:i;u:oJ ucli;nco has mciJo in tho paut conlury it 
iii rts-.i'.L •i.-.M to .^'lij^poiU' thai I within our y tuwl^. lUu * JifotiiiJOj a nvii'abol of to<:lay*i5 
thooiic;' v\\l b^A\s..' cutJalv J, 

In pK'.ciir', oNoor.::! vo o:v!Ki:;itt on wliat iv cvtrronl in sicietico wo ontor 

a fulilo titov.' to hoitJ ono r.tc;^ alu\'ul of tho lato.-^t advanoo. This will not holp 

cur iau.li. ii.t.o:'i»r-.'t stM\':u:c 20 or 30 yoar^; aftor tht:y havo loft school. If 

«i rinjor i>>al of s^iioaco oducativ.n is to produce autonc»:riOus; learnors, thon wo mist 

givo studontii aoMi^tiiinj; that has survival value, Somothini; that will allow them 

to acla;>t to tho acooUratinii chan^^*?; ii^ science that will take place in the clccadorf 

to coix:. This !Lio:^.ot!;i.:i;; involvoj:: nioio th^m an undo ri;t and i n£; of ba^lc concepts 

and pri'/.ciples. It involviT. an understand in{j of how s;cicncc itself progrciiiU:s* 

It involves the d<.'volop::'.cnt of a iv.odcl that brin^js out clearly tho distinctions 

^nd at the sa::.o ti;:^.e poit\t:; out the interrelationship bctwoon explanation and 

predict ic^n. \.*e should urc a r.odel ivhich allov;is students to incorporate n:^w 

advances In science into a stable? structure. They should realise that explanations 

serve as useful but te:\tativo Models around which further predictions and advances 

can be n.ide and t;i::t the^e expl ;i:\'it ions are not fin.'^.l truths it* then:sclves, 

FUTUUK rossmiLiTiKS 

This pr.per thm is an arjjjur.ont for a curriculum the central focus of 
which Siiould be to e:<a**:ine the nnlure of science, the scientific enterprise and 
the charc-'Cterir.ti cs of scientists. To accomplish these ends in high scb.ool and 
liberal arts collciic coursos students need more than standard treatments of the 
history and p!ii los-.*^phy of science — treatncnts which tend to be too abstract and 
rcir.v:>ved frop. t!ioir everyday experiences. Now, iMaj;;inat. ive approaches using case 
historic.:, visits; v/ith scientists, and research projects are steps in the right 
direction. 

In addition, ti:ore attention needs to be given to the use of analogies 
and sinulntion in the cKnssroor:, Analogic*s servo as learning tools which 

copiuTt v\\'^[ tl.'.' ^ t.»:c! /-^.L nlri.\'rly l*.::. '.:s v;:th vli^'l liO is preset:* 1y tryln^; to learn, 
Thn • til*' '•:^^^ '\'v b t'. /tp. tli»'* riol f.::".:' 1 c aud Cop .m :;: ca.i n;ociv.'.l 5; Cin be u.:ed to 
illustrate tlie forii of present and future changes in scientific theories. 
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Simulation ^,i\\u'v, c.i.i provUlc^ i\w lUu-tKiuiiy wlilclo to liw iinal.Oijlot; loaotlu'r, 
to pi'uvJtio r.;ot ivai {...a, aiul to iManok.*t ;inaU-«4*.l oss wlti» iho 5ituwk!iU.H' vvcryduy 
cxjici icr.coiJ, rioaowM iai', lias been Uouo Ju thli* ivi'.pocl in llu' loachiui', 

of the fiocinl sscii-nov;: ccono'.;! iuu! oduoat iur. , but voiy llltlo lia^ been 
attoujUoil with u;;i'ara1 sciici ;»;;».• cuirit'ul a . 

By V'i'^»vi u In-', a f ra: .•.•v\>rk v'aii'h i.ialu-fi clear tlio futu'liou of ex- 
plaual ioa nn«l jm\J i i; • I (.a in f.clcaco will b*.- iiCilpiUt*, stuc'ouis to unUcr- 
statu', r.'iv c J curly the pror.j^-c lii aaJ 1 i li.Hat ionr. of Pcieaco. in the ck^cadcs! 



to cot.v', 



0*' 
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